The incidence of Fusarium and Aspergillus keratitis is on alarming rise with its burden increasing by the fact that they can produce an array of extra cellular enzymes and mycotoxins which act as virulence factors. In this context, 154 isolates of Fusarium spp. and Aspergillus spp. were screened for extracellular enzymes production. Further, representative isolates from the two genera were analyzed for mycotoxin production. Both genera were able to produce an array of extracellular enzymes. It was noted that protease and lipase are actively involved in Fusarium and Aspergillus keratitis. Aflatoxins were detected from Aspergillus spp., however no mycotoxins were detected from Fusarium spp. The study concludes that the extra cellular protease and lipase are cause of concern since it play important roles in pathogenesis of Fusarium and Aspergillus keratitis.
Eye diseases affecting the cornea are a major cause of blindness worldwide 1 next to cataract. In developing countries such as India, it has been recognized as a "silent epidemic" 2 . Over the decades, there has been an increase in the percentage of infectious keratitis caused by filamentous fungi [3] [4] [5] [6] . Further, its burden is worsened by the fact that fungi secrete several extracellular hydrolytic enzymes 7 with potential role as virulence factors [8] [9] [10] , however, research on extracellular enzymes production as a virulence factor of Fusarium and Aspergillus isolated from ocular infection is very less. Gopinathan et al.
11
, Zhu et al. 12 , Burda & Fisher 13 and Dudley et al. 14 have reported that extracellular protease excreted from Fusarium and Aspergillus spp. isolated from corneal ulcer have been implicated in corneal matrix degradation. Mycotoxins are a group of secondary metabolites produced by various filamentous fungi and are involved in the infectious process of the fungi and may serve as virulence factors [15] [16] [17] [18] . The present study was designed to evaluate the correlation between extracellular enzymes and mycotoxin production by Fusarium and Aspergillus with clinical characteristics of the mycotic keratitis patients so as to establish that extracellular enzymes and mycotoxin can act as virulence factors in mycotic keratitis.
, elastase 22 , lipase 23 , DNase 24 and a-amylase 25 was screened based on the methodologies described in the literature. Briefly, the conidial suspension of the test isolates was prepared to achieve a concentration of 10 5 conidia / mL and 50 µl of the spore suspension was inoculated on respective assay medium. The enzyme activity index was calculated for the test isolate by dividing the enzyme lysis diameter by the colony diameter as described by Blanco et al. 26 .
In vitro screening of aflatoxigenic Aspergillus spp. isolated from keratitis patients
Screening of aflatoxigenic A. flavus was performed based on the method described by Saito and Machida 27 . Briefly, the test isolate of Aspergillus spp. was inoculated at the center of the PDA and incubated at 25°C for 3-4 days and the colonies were subsequently exposed to ammonia vapour. A change in the color of the colony reverse and formation of pink orange coloration upon exposing it to ammonium vapour was taken as a positive activity of aflatoxin. Determination of aflatoxins and T2 toxin from Fusarium and Aspergillus spp.
Mycotoxin extract was prepared as described by Shih and Marth 28 and Dai et al. 29 . The mold was grown on PDA slants for 7 days at 28°C. Spores were harvested by adding sterile distilled water to the slants. Precisely, 2ml of the spore suspension (with an optical density value of 0.5 at 550 nm) was inoculated into sterile glucose-salt medium (for aflatoxin) and T2-Toxin extraction medium (for T2-Toxin) and incubated at 25°C for 15 days. Later, the culture was filtered using Whatman No.1 filter paper and the filtrate was extracted with chloroform (2 volume of chloroform / volume of the filtrate). The extract was evaporated in a water bath at a temperature of 80°C and the residue thus obtained was dissolved in 0.2 ml of chloroform and mixed thoroughly. The extract thus obtained was subjected to Gas Chromatography-Mass Spectrometry (GC-MS) analysis for T2-Toxin. Similarly, presence of aflatoxins was determined using High Performance Liquid Chromatography (HPLC). Clinical data of a total of 63 representative patients suffering from Fusarium and Aspergillus keratitis were retrieved to ascertain the correlation of extracellular enzyme activity with clinical conditions of the patient. It was noted that elastase, keratinase and DNase activity have little influence on clinical character of fungal keratitis patient. On the other hand, protease and lipase activities were found to have strong associations with severity, healing etc., amongst infectious Fusarium and Aspergillus keratitis cases. While protease activity was found to be associated with 71% (10 of 14 cases) of Fusarium keratitis cases who were earlier characterized to have a 'severe' infection, lipase activity was noted in all the cases. The observations were noted to be more similar among Aspergillus keratitis also. The detailed analyses of extracellular enzyme activities and the recorded clinical features are provided in tables 4 and 5 for Fusarium and Aspergillus keratitis, respectively.
RESULTS

A total of 68
In total, 124 Aspergillus spp. (82 A. flavus, 11 A. niger, 24 A. fumigatus, 5 A. terreus and 2 A. tamari) were screened for aflatoxin producing ability, of which 41 (33%) isolates were detected with aflatoxin activity and were categorized to be aflatoxigenic (figure 1 H&I). Majority of these isolates were identified to be A. flavus (39, 95 .1% of 41) and 1 isolate each of A. fumigatus and A. terreus. Further, 4 isolates of A. flavus, (2 each positive and negative aflatoxigenic A. flavus) were specifically identified for B1, B2, G1 and G2 toxins using HPLC and the overall findings are presented in table 6 . Of the two non-aflatoxigenic strains, one (Cu34/11) was confirmed to produce aflatoxin B1, B2, G1 and G2 using HPLC. Remarkably, the A. flavus strain Cu670/10 was detected with higher concentrations (1.096 µg/ml) of G1 mycotoxin and the HPLC peaks indicating different types of aflatoxin identified are shown in figure 2 . Similarly, among fusaria, four representative isolates of F. solani were screened for T2 mycotoxin production using GC-MS analysis. However, no isolate was # -Since pain and redness was the most common symptom, it was prioritized against the rest. * -Symptoms included watering, photophobia, irritation, itching, discharge, swelling, defective vision etc. detected with mycotoxin activities, interestingly the compounds such as vitamins (Cu482/11), sterols (Cu598/11) and a carotenoid such as rhodopin were detected from them. 
DISCUSSION
In pursuit to find the possible role of the extracellular enzymes of Fusarium and Aspergillus as a virulence factor in causing keratitis, it was observed that both the species of Fusarium and Aspergillus were able to produce an array of extracellular enzymes and the production spectrum differed between them. It was also noted that enzymes (cellulase and α-amylase) related to plant pathogenesis were produced by both Fusarium (89.7% in α-amylase and 57.3% in cellulase) and Aspergillus spp. (88.3% in α-amylase and 72% in cellulase). The observation implied that Fusarium and Aspergillus isolated from corneal ulcer could have chiefly originated from plant materials. F. solani isolated from mycotic keratitis patients and plants had demonstrated the same pathogenicity in young bean, corn, and tomato plants and also invoked an eye reaction (erythema) in rabbit eye tested under laboratory conditions 30 . Ajayi et al. 31 reported amylase production by Fusarium spp. and Mishra and Dadhich 32 determined higher activity of amylase and xylanase in A. niger than Fusarium spp. The rate of cellulase activity as recorded in the present study was found to be in agreement with a previous study 33 , although Kwon et al. 34 observed no cellulase activity in Fusarium spp. Additionally, the present study found Fusarium and Aspergillus had lesser activities of DNase, elastase and keratinase compared to protease and lipase but presumably with no active role in causing and keratinase. The detection of elastase and keratinase activity has been documented from clinical fungi isolated from invasive aspergillosis 22, 26, 35 . Although the study detected no keratinase activity from A. niger, A. terreus and A. tamarii, previous studies [36] [37] have reported higher activity of these enzymes in these species compared to Fusarium spp. More importantly, Rhodes et al. 38 stated that all clinical isolates involved in invasive aspergillosis produced elastase, but not all isolates having elastase activity were associated with invasive disease. Alp and Arikan 35 reported the extracellular elastase, acid proteinase and phospholipase activities of clinical isolates of A. fumigatus, A. flavus and A. niger and suggested that the existence and degree of these enzyme activities in clinical Aspergillus strains tend to show species and strain based variations and potentially significant correlation between the existence of high phospholipase activity and development of invasive disease. The fact that Fusarium (89.7% of 68) had higher activity of lipase than that of Aspergillus (68.8% of 86) in the present study was more or less congruent with the available literature [39] [40] [41] [42] .
In the present study, protease activity was profoundly seen in Aspergillus spp. (83% of 86), especially in A. flavus (84% of 63) compared to Fusarium spp. (71% of 68). The finding is a cause of concern among ophthalmologists since protease was proven to be associated with cornea that showed progressive ulcer along with the presence of dense inflammatory cells 11 . Further, the pathogenic role of protease in microbial keratitis has been documented by various authors 12, 43 . The strong reports on the virulent nature of protease suggested that protease activity was strongly associated with severe Fusarium and Aspergillus keratitis. It was further found that all the patients of Aspergillus caused keratitis and 50% of the Fusarium keratitis cases with a positive protease activity had to undertake surgical intervention. The Fusarium isolates from the all patients with severe infection, who further required surgical intervention and longer period of healing showed a positive lipase activity. Fliesler 44 commented that lipids and lipid soluble compounds are essential constituents of the cells and tissues that comprise the eye and defect in their synthesis, intracellular and extracellular transport and turnover underlie a variety of significant, common and often severely debilitating eye diseases. These probably answer the critical role of lipase produced by the pathogenic isolates of fusaria and aspergilli of the present study towards the overall increase in the severity of keratitis.
The toxic effects of aflatoxins in the cornea involve haziness of the cornea and separation of corneal lamellae, in addition to infiltration by polymorphonuclear leucocytes 45 . Leema et al. 46 reported aflatoxin production from A. flavus of which 80% was found to be aflatoxin B1. However, the present study observed aflatoxin B2, G1 and G2 being more common compared to aflatoxin B1. It was emphasized that if an A. flavus strain isolated from a human lesion is found to possess aflatoxin-producing ability, it may be necessary to treat the lesion with not only standard antifungals, but also with molecules that suppress the production, or neutralize the deleterious effects of aflatoxins 46 . Although, the present study could not detect any mycotoxin from the species of Fusarium a study 47 reported as much as 76% of Fusarium spp. including F. solani, F. oxysporum, F. incarnatum, F. dimerum, F. verticilloides, and F. chlamydosoprum producing fusaric acid, moniliformin or fumonisin B1. Similarly, other study 48 reported detection of T-2 Toxin, nivalenol, diacetoxyacirpenol and deoxynevalenol from Fusarium keratitis using GC-MS. Interestingly, the authors had also concluded that in vitro toxin production does not influence severity of the infection. Conversely, stated Fusarium infections of the eye after traumatic inoculation were more severe when trichothecenes produced 47 . The high frequency of aflatoxin production by the clinical A. flavus compared to environmental strain possibly represented a response to pressures (antifungal chemotherapy, toxic factors released from corneal epithelial cells, or infiltrating inflammatory cells) that are not conducive to an ideal existence 46 . However, it was observed that mycotoxin profiles of clinical and environmental A. flavus and A. fumigatus isolates were homogenous, except for gliotoxin production, which was detected only in the group of clinical isolates of A. fumigatus 49 . The reports of mycotoxin being detected from various species of Fusarium keratitis isolates [47] [48] and the contradiction with the present study could be due to non-expression of mycotoxin producing genes. However, the study points out the fact that fusaria were able to implicate with keratitis in high frequency, thus confirming the aggressive nature of Fusarium spp. causing mycotic keratitis.
Though the screening of aflatoxigenic Aspergillus using ammonium vapour method as in the present study was not highly reliable and confirmative (as only 50% of the isolates was re-confirmed by HPLC, this approach could still provide provisional information on the virulent nature of the isolates. Screening of aflatoxigenic Aspergillus based on emission of bright blue or blue-green fluorescent area around the colonies has been reported for testing mycotoxin production 50 . Similarly, different other approaches have also been reported for screening afltoxigenic Aspergillus 27, 51-53 . The GC-MS based detection of compounds such as vitamin, sterol from Fusarium spp. in this study had been already reported 48, 54 . Nevertheless, in vitro sterol production was not related to the severity of the infection 48 .
CONCLUSION
The burden of Fusarium and Aspergillus tends to be increasing with the fact that they are able to produce various extra cellular enzymes which play important roles in the pathogenesis of the disease. Protease and particularly lipase are actively involved in severe mycotic keratitis which warrants further investigation.
